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AN ELECTRONIC PACKAGE HAVING A 
FOLDED PACKAGE SUBSTRATE 


BACKGROUND OF THE INVENTION 

1) . Field of the Invention 

[0001] This invention relates to an electronic package having a folded, flexible 
substrate, and to a method of constructing such an electronic package. 

2) . Discussion of Related Art 

[0002] Integrated circuits are usually manufactured on semiconductor wafers that 
are subsequently singulated into individual dies. Such a die may be extremely thin, 
often less than 100 microns, and is subsequently mounted to a package substrate for 
purposes of structural integrity. The package substrate also has conductors in the 
form of traces thereon, metal lines therein, and/or vias therein to provide electric 
interconnection to other devices, often other integrated circuits or other dies. 
[0003] In order to save space in x and y, it is often required to stack more than one 
die on top of one another in a z-direction, with the integrated circuits of the dies 
interconnected with one another. Two dies can, for example, be mounted to a 
flexible package substrate, and the flexible package substrate be folded into 
positions such that the dies are above one another. 

[0004] A package substrate of the aforementioned kind is usually uniformly 
flexible across its width. When one portion of the package substrate is folded over 
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another portion of the package substrate, a fold region may be created at an 
undesired, even arbitrary area of the package substrate. Folding of the substrate at 
undesired areas may cause damage to certain components of the substrate. 
Bending at arbitrary locations may cause inconsistencies in bending from one 
assembly to the next, which may result in incorrect downstream packaging. 
Uncontrolled folding may also result in an undesired form factor of the final 
electronic package. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The invention is described by way of example with reference to the 
accompanying drawings, wherein: 

[0006] Figure 1 is a perspective view illustrating an electronic package, according 
to an embodiment of the invention, with a package substrate thereof shown in 
exploded form. 

[0007] Figure 2 is a cross-sectional side view of the electronic package after the 
package substrate is folded; 

[0008] Figure 3 is a side view illustrating a stress concentration that is formed in a 
portion of the package substrate near an edge of a resilient ground metal layer of 
the package substrate; 

[0009] Figure 4 is a cross-sectional side view illustrating how a via is plated when 
the resilient ground metal layer is plated; and 

[0010] Figure 5 is a perspective view of an electronic package, according to 
another embodiment of the invention, with a package substrate thereof shown in 
exploded form. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0011] An electronic package of the kind having a folded substrate is provided. 
The substrate is configured so that a stress concentration is created where folding is 
desired. In the present example, the stress concentration is created with first a 
resilient metal ground layer that resists bending and has an edge that promotes the 
creation of a stress concentration in a flexible layer at or near the edge. A second 
metal ground layer resists bending in another portion of the substrate, and also has 
an edge creating a stress concentration in a different area of the flexible layer. The 
portions of the substrate having the first and second resilient metal ground layers 
can be folded over one another with substantially no bending in these portions, 
while a fold portion between the edges bends to allow for folding of the substrate. 
Bending of the fold portion is also promoted because the fold portion is not as thick 
as the portions having the resilient metal ground layers. Another embodiment may 
make use of a different mechanism to create one or more stress concentrations. 
[0012] Figure 1 of the accompanying drawings illustrates components of an 
electronic package 10, according to an embodiment of the invention, including 
various layers of a package substrate 12 before being folded, vias 14 formed in some 
layers of the package substrate 12, first and second electronic devices 16 and 18 
mounted to the package substrate 12, and solder ball terminals 20 that are attached 
to the package substrate 12. 
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Resilient Metal Ground Planes for Controlled Folding 

[0013] A core of the package substrate 12 is a flexible layer 22 made of polyimide, 
an insulator. First and second thin metal layers 24 and 26 are formed on upper and 
lower surfaces of the flexible layer 22, respectively. The thin metal layers 24 and 26 
are initially uniformly formed over the length and width of the flexible layer 22. 
The thin metal layers 24 are then patterned so that areas are removed and other 
areas, including contacts 28 and traces 30, remain behind. 
[0014] A first solder mask 32 is formed over the remaining portions of the first 
thin metal layer 24. Areas 34 of the first solder mask 32 are selectively removed in 
an etching process, to expose the contacts 28 of the first thin metal layer 24. The 
combination of the flexible layer 22, the first and second thin metal layers 24 and 26, 
and the first solder mask 32 is still relatively flexible and can be folded at any 
desired location. 

[0015] First and second resilient ground metal layers 36 and 38, respectively, are 
then plated on select areas on a lower surface of the second thin metal layer 26. The 
first and second resilient ground metal layers 36 and 38 are in the same plane. The 
first resilient ground metal layer 36 has a left edge 40. The second resilient ground 
metal layer 38 is plated to the left of the first resilient ground metal layer 36 and has 
a right edge 42. The edges 40 and 42 are in a parallel, spaced, and facing 
relationship relative to one another. As will be described in more detail herein, the 
first and second ground metal layers 36 and 38 rigidify portions of the package 
substrate 12 that they form part of, to resist bending of the portions that they form 
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part of, while still allowing for folding of other portions of the package substrate 12. 
[0016] A second solder mask 44 is subsequently formed on lower surfaces of the 
first and second resilient ground metal layers 36 and 38. The second solder mask 44 
is also formed on some exposed areas of the second thin metal layer 26. In the 
present example, the second solder mask 44 is not formed on exposed areas of the 
second thin metal layer defined between the edges 40 and 42. 
[0017] The solder ball terminals 20 are attached to a lower side of the package 
substrate 12, and the first and second electronic devices 16 and 18 are mounted to 
an upper surface of the package substrate 12. 

[0018] Reference is now made to Figure 2. The package substrate can generally be 
divided into first and second portions 48 and 50, and a fold portion 52 between the 
first and second portions 48 and 50. The first portion 48 includes and extends up to 
the edge 40 of the first resilient ground metal layer 36. The second portion 50 
includes and extends up to the edge 42 of the second resilient ground metal layer 
38. The fold portion 52 extends from the edge 40 to the 42. 
[0019] The electronic package 10 is illustrated after the package substrate 12 is 
folded at the fold portion 52. The second portion 50 is then in a plane above and 
parallel to the first portion 48. What should be noted is that the first and second 
resilient ground metal layers 36 and 38 resist bending or folding of the first and 
second portions 48 and 50. The fold portion 52 is, however, easily bent due to the 
absence of any resilient layers such as the first and second resilient ground metal 
layers 36 and 38, and also because the fold portion 52 is not as thick as the first or 
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second portions 48 or 50. 

[0020] It can thus be said that the first and second resilient ground metal layers, 
and in particular the edges 40 and 42 thereof, promote bending of the fold portion 
52 from near the edge 40 to near the edge 42. A desired portion of the substrate 12 
is thus bent, whereas other portions remain substantially flat. 
[0021] As illustrated in Figure 3, a stress concentration 53 is created in the fold 
portion 52 near the edge 40. The stress concentration 53 is created because of the 
materials and geometry of the package substrate 12 in the region of the edge 40. A 
similar stress concentration is created in the fold portion near the edge 42 in Figure 
2. It should, however, be understood that other mechanisms may be employed to 
create a stress concentration that controls bending of a substrate such that a fold 
portion thereof is bent, whereas other portions thereof remain substantially flat. 

Electric Interconnection 

[0022] The first and second electronic devices 16 and 18 are microelectronic dies 
that include integrated circuits. Wirebonding wires 54 connect respective ones of 
lands (not shown) on each of the electronic devices 16 and 18 to respective ones of 
the contacts 28 of the first thin metal layer 24. The traces 30 all extend from the first 
portion 48 through the fold portion 52 to the second portion 50. Some of the traces 
30 connect the second electronic device 18 to the first electronic device 16. Other 
ones of the traces 30 connect the second electronic device 18 through contacts 28 in 
the first portion 48 and the vias 14 to the solder ball terminals 20. The first 
electronic device 16 is also connected through the contacts 28 in the first portion 48 
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and some of the vias 14 to the solder ball terminals 20. 

[0023] It can thus be seen that signals can be provided through the solder ball 
terminals 20 to and from either electronic device 16 or 18, and that signals can be 
transmitted between the electronic devices 16 and 18. Some of the vias 14 are also 
formed in the first resilient ground metal layer 36, and can be connected to either 
electronic device 16 or 18. Some of the solder ball terminals 20 are directly attached 
to the first resilient ground metal layer 36, and can provide a ground or reference 
voltage through the first resilient ground metal layer 36 to the electronic devices 16 
and 18. 

[0024] What is thus provided is a substrate which includes ground planes 36 and 
38 for improved signal referencing and better controlled impedance. What should 
be noted is that although the ground planes 36 and 38 are relatively resilient, the 
substrate 12 is still foldable due to selective placement of the ground planes 36 and 
38. 

[0025] Figure 4 illustrates how one of the vias 14 in the first resilient ground metal 
layer 36 is formed. A via opening 56 is laser-drilled in the second thin metal layer 
26, and the flexible layer 22. The via 14 is plated in the via opening 56 when the 
first resilient ground metal layer 36 is plated on the second thin metal layer 26. 
Processes exist in the art for plating metal on non-metal materials, such as the 
polyimide of the flexible layer 22. Other vias (not shown) may simultaneously be 
plated when the first resilient ground metal layer 36 is plated, but can be electrically 
isolated from the first resilient ground metal layer 36 for purposes of providing 
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signals to or from the electronic devices 16 or 18. 
Alternative Embodiment 

[0026] In the embodiment of Figure 1, the electronic devices 16 and 18 are 
mounted on the same side of the unfolded package substrate 12. As illustrated in 
Figure 2, the electronic devices 16 and 18 are both on the inside of the folded 
package substrate 12. 

[0027] As illustrated in Figure 5, electronic devices 16A and 18A may be mounted 
on opposing sides of an unfolded package substrate 12A. As with the embodiment 
of Figure 1, the package substrate 12A may have first and second resilient ground 
metal layers 36A and 38A. The second resilient ground metal layer 38A may have a 
routing opening 60. Wirebonding wires 54A may extend from the second electronic 
devices 18A through the routing opening 60 and openings in a second thin metal 
layer 26 and a flexible layer 22 to contacts 28 of a first thin metal layer 24. 
[0028] Like reference numerals used in Figures 1 and 5 indicate like components, 
and it should thus be evident that the package substrate 12A is the same as the 
package substrate 12 in all other respects. The package substrate 12A thus includes 
a first portion including the first resilient ground metal layer 36A, a second portion 
including the second resilient ground metal layer 38A, and a fold portion between 
the first and second resilient ground metal layers 36A and 38A. 
[0029] Folding of the package substrate 12A in a direction 62 will place the first 
electronic device 16A on top of the first portion that includes the first resilient 
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ground metal layer 36A, and the second electronic device 18A will be placed on top 
of the second portion that includes the second resilient ground metal layer 38A. 
[0030] While certain exemplary embodiments have been described and shown in 
the accompanying drawings, it is to be understood that such embodiments are 
merely illustrative and not restrictive of the current invention, and that this 
invention is not restricted to the specific constructions and arrangements shown 
and described since modifications may occur to those ordinarily skilled in the art. 
For example, although reference is made to "metal," it should be understood that 
other conductive materials may be used instead of metal with similar effect. 
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